Two blocked mutants of the aclacinomycin-producing
Streptomyces galilaeus MA144-M1 produced new anthraquinones and anthracyclinones.
The mutant ANR-58 produced compounds 58A, 58B, 58C (7-deoxy-2-hydroxyaklavinone), 58D (2-hydroxyaklavinone) and 58WR. All these compounds have the 2-hydroxyl group. The mutant ANR-665 produced compounds 665A and 6656. The compounds 58A, 58B and 665A have an anthraquinone skeleton.
As reported previously1), we have isolated several unique blocked mutants from S galilaeus MA144-M 1 by successive UV or NTG (N-methyl-N'-nitro-N-nitrosoguanidine) mutation. We obtained two I mutants ANR-58 and ANR-665 from the mutant 3AR-33 which accumulates aklavinone. In a previous paper 2), we reported on the structures of three anthracyclinones designated as 58C, 58D and 58G produced by the mutant ANR-58. In this paper, we report the structures of 58A, 58B and 58WR produced by the mutant ANR-58, and 665A and 665B produced by the mutant ANR-665.
Results and Discussion
The structures of the-five compounds (58A, 58B, 58WR, 665A and 665B) were determined by analysis of their IR, UV, 1H NMR,13C NMR and mass spectra. The structures of the compounds are shown in Table 1 . The compounds 58A, 58B and 665A are anthraquinones, and 58WR and 665B are anthracyclinones. The compounds 58A, 58B, and 58WR have a hydroxyl group at C-2 (anthracycline numbering) as have 58C (7-deoxy-2-hydroxyaklavinone) and 58D (2-hydroxyaklavinone) reported in a previous paper2). The compound 665A was identified by 13C NMR, 1H NMR, IR and mass spectra as 1,8-dihydroxy-3-methoxycarbonylmethyl-2-(1-oxopropyl)-9,10-anthraquinone, which had been reported by KLALOVCOVA et a1.' . On the other hand, the compound 665B had anew structure as later described.
The compound 58A had similarities to 665A in 13C NMR spectra as shown in Table 2 . The structure of 58A was determined by comparison of its 1H NMR, 13C NMR, IR and mass spectra with those of 665A. The mass spectrum of 58A suggested an additional oxygen atom compared to 665A (C20H16O7).
The 13C NMR spectrum of 58A (Table 2) suggested that the additional oxygen atom was present as an hydroxyl group at C-2. In the 1H NMR spectrum two of three aromatic protons in 58A molecule were determined to be in the meta position to each other by the presence of two doublet peaks (6 7.07 and 6.50) with a small coupling constant (J=2.0 Hz). The other one singlet proton (5 7.59) corresponded to C-11. We determined the structure of 58A as 1,6,8-trihydroxy-3-methoxycarbonylmethyl-2-(1-oxopropyl)-9,10-anthraquinone. The off-resonance multiplicities in the 13C NMR spectrum and the fragmentation pattern of 58A in its mass spectrum supported this structure. The compound 58A may be biosynthesized from one acetate unit shorter than 9 acetate units of a decaketide3).
The structure of 58B was determined by the same method as 58A. The analysis of its IR,1H NMR and 13C NMR spectra indicated that the compound 58B had also 1,6,8-trihydroxyanthraquinone skeleton.
The presence of a singlet signal (5 3.84) of a methylene at C-10 in the 1H NMR spectrum suggested that the anthracyclinone ring D is open. Its 13C NMR spectrum contained two more carbons (31.9 and 183.8 ppm) than that of 58A. The 1H NMR spectrum of 58B contained one more singlet methylene (S 3.88) than that of 58A. The value of M+ of 58B in its mass spectrum is larger than that of 58A by 42 mass units which corresponds to a -CO-CH2-fragment. The presence of absorption at 1700 cm-1 in its IR spectrum confirmed the presence of carbonyl groups in this moiety. This side chain was suggested to have a double bond which was connected to an ethyl methylene since the chemical shift of the ethyl methylene shifted downfield. The above data indicated that the side chain should be -CO-CH,-CO-CH2CH3 and that the side chain was attached to C-6a. The other side chain (-CH2COOCH3) was attached to C-10a on the ring C. Thus the structure of 58B (C12H18O9) was proposed as shown in Table 1 . The compound 58WR had a 5,12-naphthacenequinone skeleton. In the 1H NMR spectrum of 58-WR, the signals of four aromatic protons, a carbomethoxyl group (8 3.98) and an ethyl methylene shifted downfield were observed. Two aromatic protons (8 7.18 and 6.60) were meta coupled system (J= 2.0 Hz). The other two singlet protons at 3 7.85 and 6.96 were assigned to C-11 and C-8, respectively.
Therefore the structure of 58WR was determined to be 2,7-dihydroxy-bis-anhydroaklavinone. The fragmentation pattern of the mass spectrum supported the structure.
The parent peak (m/z 392) of 665B in its mass spectrum showed that its structure lacked an oxygen atom compared that of 58WR. The 1H NMR spectrum of 665B showed that the coupling system of three protons of the ring A coincided with that of 665A. The other two singlet protons of 8 8.38 and 6.90 were assigned to C-11 and C-8, respectively. Therefore the structure of 665B was determined to be 7-hydroxy-bis-anhydroaklavinone. The fragmentation pattern of its mass spectrum supported the structure. A tri-acetyl derivative of 665B was obtained by the treatment of 665B with pyridine and acetic anhydride. The 1H NMR spectrum of tri-acetyl 665B showed the presence of three acetyl groups. In its IR spectrum the absorption band at 1765 cm-1 also showed the presence of acetyl groups. The fragmentation pattern of its mass spectrum supported the structure of tri-acetyl 665B.
We have already reported that the aklavinone skeleton is built up from nine acetate units and one propionate unit4 . All the compounds produced by the mutant ANR-58 had a hydroxyl group at C-2. It can be said that this C-2 hydroxyl group came from the carbonyl oxygen which existed in a hypothetical decaketide5) in aklavinone biosynthesis. Thus, the mutants ANR-58 and ANR-665 were shown to be impaired in different steps of aklavinone biosynthesis. It is possible that some of the anthracyclinones produced by these two blocked mutants ANR-58 and ANR-665 may be precursors in aklavinone biosynthesis.
Experimental
The melting points were determined by a Yanagimoto melting point apparatus. Ultraviolet and visible spectra were measured by a Hitachi model 200-20 spectrophotometer.
IR spectra were measured in KBr pellets using a Hitachi 260-30 infrared spectrophotometer.
1H NMR and 13C NMR spectra were measured by a Varian XL-100A spectrometer and the chemical shifts are expressed in values (ppm) with tetramethylsilane as an internal standard. Mass spectra were measured by a Hitachi RMU-6M spectrometer. TLC was carried out on a silica gel 60F2,4 plate (E. Merck Co.).
Microorganisms and Cultivation
The mutant strains ANR-58 and ANR-665 were maintained on YS agar slants (0.3 % yeast extract, 1.0 % soluble starch, 1.5 % agar, pH 7.2). The composition of fermentation medium and cultural conditions for the mutant ANR-665 in Erlenmeyer flasks were described previously').
The fermentation of the mutant ANR-58 was carried out using a 30-liter jar fermentor containing 15 liters of the following medium : 1.5 % soluble starch, I % glucose, 3 % soy bean meal, 0.1 % yeast extract, 0.3 % NaCI, 0.1 % K,HPO" 0.1 % MgSO, • 7H2O, 0.0007 % CuSO, • 5H2O, 0.0001 % FeSO4.7H,O, 0.0008 yo MnCl2.4H2O and 0.0002% ZnSO, • 7H2O, pH 7.4. The seed culture was prepared in a 500-m1 Erlenmeyer flask containing 100 ml of the same medium. The inoculum size for the jar fermentation was 2 %. The jar fermentation was done with an aeration of 30 liters per minute under agitation at 300 rpm for 66 hours at 28°C.
Isolation and Purification of Products
The cultured broth (64 liters) of the mutant ANR-58 was centrifuged and the mycelium was extracted with acetone. The acetone layer was concentrated in vacuo to a small volume and re-extracted with CHCI,. The CHC13 layer was concentrated in vacuo. 
